How did this family get named 'Forkhead'? Forkhead, the founding member of the entire family (now classified as FOXA), was originally identified in Drosophila as a gene whose mutation resulted in ectopic head structures that looked like a fork. Forkhead proteins are also sometimes referred to as 'winged helix' proteins because X-ray crystallography revealed that the DNA-binding domain features a 3D structure with three α-helices flanked by two characteristic loops that resemble butterfly wings.
How many FOXOs are there?
In invertebrates, there is only one FOXO gene, termed daf-16 in the worm and dFOXO in the fly. In mammals, there are four FOXO genes, FOXO1, 3, 4, and 6 How are they regulated? FOXO proteins are tightly regulated to ensure that transcription of specific target genes is responsive to environmental conditions. A major form of regulation is Akt-mediated phosphorylation of FOXO in response to insulin or growth factors (Figure 1 ). Isn't it strange that FOXO could induce both stress resistance and cell death? The regulation of stress-resistance genes and pro-apoptotic genes by FOXO is not necessarily a paradox. FOXO factors may orchestrate different patterns of gene expression based on the intensity of the stimulus, perhaps activating stress-resistance genes under mild conditions but pro-apoptotic genes when the intensity of stress stimuli increases beyond a certain threshold. It is also possible that FOXO factors regulate different genes in different cell types, causing apoptosis in some cells (e.g. neurons, lymphocytes) while promoting survival in others. Importantly, the induction of apoptosis by FOXO may cause the death of damaged or abnormal cells, therefore benefiting the longevity of the entire organism.
Is there a connection between FOXO and cancer? Because FOXO proteins were originally identified in human tumors, and because they play an important role in cell-cycle arrest, DNA repair, and apoptosis -cell functions that go awry in cancer -the FOXO family is thought to coordinate the balance between longevity and tumor suppression. Consistent with this idea, in certain breast cancers, FOXO3 is sequestered in the cytoplasm and inactivated. 
What remains to be explored?
More FOXO target genes remain to be discovered, as do regulators of FOXO function. An exciting area of future exploration will be to determine how FOXO factors mediate cell non-autonomous processes in the entire organism. The recent discovery that FOXO can upregulate neuropeptides in the hypothalamus suggests that FOXO can regulate animal behavior, and future studies will elucidate how hormones and neuronal signaling cause FOXOdependent transcription of target genes that affect the entire organism.
Where can I find out more?
